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METHOD FOR DETERMINING HYDROGEN
MOBILITY AS A FUNCTION OF
TEMPERATURE IN SUPERCONDUCTING
NIOBIUM CAVITIES

The United States of America may have certain rights to
this mvention under Management and Operating contract

No. DE-ACO05-84ER 40150 from the Department of Energy.

FIELD OF THE INVENTION

The present invention relates to a method for determining,
the mobility of hydrogen as a function of temperature in
niobium cavities and more particularly to such a method that
utilizes a relatively simple and straight forward 10n chamber
radiation detector based system for such determination.

BACKGROUND OF THE INVENTION

Niobium and hydrogen can form a niobium hydride
surface coating on superconducting niobium cavities at
approximately 100° K. The niobtum hydrnde interrupts the
superconducting properties of the cavity surface and causes
what 1s commonly referred to as “Q disease”. A supercon-
ducting niobium cavity suflering from (Q disease must be put
through a costly time and energy thermal cycle to remove
the effects of Q disease. Determining the mobility of hydro-
gen as a function of temperature 1n superconducting niobium
cavities can contribute significantly to the understanding of
conditions that promote or cause Q disease. It would there-
fore be highly usetul to have a method for determining the
mobility of hydrogen as a function of temperature 1n super-
conducting niobium cavities.

OBJECT OF THE INVENTION

It 1s therefore an object of the present invention to provide
have a method for determining the mobility of hydrogen as
a function of temperature 1n superconducting niobium cavi-
ties.

SUMMARY OF THE INVENTION

According to the present invention, there 1s provided a
method for determining the mobility of hydrogen as a
function of temperature 1n superconducting niobium cavities
comprising: 1) heating a cavity under test to remove free
hydrogen; 2) mtroducing hydrogen-3 gas into the cavity; 3)
cooling the cavity to allow absorption of hydrogen-3; and 4)
measuring the amount of hydrogen-3 by: a) cooling the
cavity to about 4° K while 1n the presence of a regulated
amount of trittum gas 1n the cavity; b) allowing the cavity to
warm at a stable rate to 4.22° K; ¢) allowing the cavity to
warm to room temperature and as it warms flowing high
quality helium gas through the cavity; and d) directing the
exit gas to an 10on chamber radiation detector.

DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a process flow diagram for the hydrogen
mobility determination process of the present invention.

DETAILED DESCRIPTION

As depicted 1n FIG. 1, the method of the present invention
comprises: 1) heating a cavity under test 1n a vacuum to
remove free hydrogen; 2) introducing hydrogen-3 gas into
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the cavity; 3) cooling the cavity to allow absorption of
hydrogen-3; and 4) measuring the amount of hydrogen-3 by:
a) cooling the cavity to about 4° K while flowing a known
and regulated amount of helium 1nto the cavity; b) allowing
the cavity to warm at a known stable rate from 4.22° K to
room temperature; and ¢) directing gas exiting the chamber
to an 1on chamber radiation detector that measures current
from trittum beta particle energy in the gas exiting the
chamber.

After introduction of the hydrogen-3 gas into the hydro-
gen purged cavity, sullicient time must be allowed to elapse
for hydrogen exchange between the hydrogen and hydro-
gen-3 to fully occur. Such residence can require several
hours, but 1s readily determinable by trial and error for any
specified niobium cavity. Allowing the cavity to cool after
introduction of the radioactive hydrogen-3 and passage of a
suitable residence time allows for tens of milligrams (tens of
Curies) of hydrogen-3 to be absorbed by the niobium
surface. Such levels of radioactivity are readily detectable by
the 10n chamber radiation detector as current produced from
trittum beta particle energy 1n the exit gas.

As the helium carrier gas that 1s circulated through the
cavity during warming exits the cavity, it may be necessary
to mix the carrier gas with about one part in ten of an organic
gas, such as methane, to achieve proper 1on chamber func-
tion.

The 1on chamber radiation detector measures current from
trittum beta particle energy deposited in the helium carrier
gas. The rate of hydrogen devolution as the cavity warms 1s
proportional to the 1onization current in the 1on chamber
radiation detector. Care must be exercised 1n the design,
construction and operation of the 1on chamber radiation
detector to insure that a “guard” detector 1s utilized to correct
for background 1onizing radiation associated with radioac-
tive contaminants in the construction materials and the
ellects of cosmic ray interactions on the detector.

The various apparatus used in the successiul practice of
the present invention are well known 1n the art as are the
mampulative techniques for obtaining the cooling, heating
and transfer of the detector and carrier gases described
herein and useful 1on radiation detectors useful in the
successiul practice of the invention are commercially avail-

able.

There has thus been described a method that can be used
to 1dentily the rate at which hydrogen devolves from the
surface of a niobium cavity as a function of the temperature
of that cavity and hence the term during which treatment to
remove hydrogen from the surface of a niobium supercon-
ductive cavity must be conducted to 1nhibit the development
of Q disease.

As the mnvention has been described, it will be apparent to
those skilled 1n the art that the same may be varied in many
ways without departing from the spirit and scope of the
invention. Any and all such modifications are intended to be
included within the scope of the appended claims.

What 1s claimed 1s:
1. A method for determining the mobility of hydrogen as
a function of temperature 1n superconducting niobium cavi-
ties comprising:
a) heating a cavity under test to remove free hydrogen;
b) mtroducing hydrogen-3 gas into the cavity;
¢) cooling the cavity to 4° K for a period suflicient to
allow hydrogen exchange between the introduced
hydrogen-3 and any residual hydrogen; and
d) measuring the amount of hydrogen-3 absorbed by the
cavity by:
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1) warming the cavity to about 4.22° K while flowing a concentration of hydrogen-3 devolved from the nio-
known and regulated amount of helium carrier gas bium cavity as a function of the temperature of the
into the cavity; cavity.

ii) allowing the cavity to warm at a stable known rate 2. The method of claim 1 wherein about one part 1in ten of
from 4.22° K to room temperature as the carrier gas > an qrganic gas 1s added to the exit gas as it exits the niobium
leaves the chamber as an exit gas; and cavity. | _ | |

111) directing the exit gas to an 1on chamber radiation 3. The method of claim 2 wherein the organic gas 1s

detector to measure the level of radiation 1n the exit methane.

gas, which level of radiation correlates with the ok k% %
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